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Efficacy and safety of high-dose baclofen for the treatment of alcohol dependence 1951

present study the efficacy and safety of high doses of baclofen was examined in a multicentre,
double-blind, placebo-controlled trial. 151 patients were randomly assigned to either six weeks
titration and ten weeks high-dose baclofen (N=58; up to 150 mg), low-dose baclofen (N=31;
30 mg), or placebo (N=62). The primary outcome measure was time to first relapse. Nine of the 58
patients (15.5%) in the high-dose group reached 150 mg and the mean baclofen dose in this group
was 93.6 mg (SD=40.3). No differences between the survival distributions for the three groups were
found in the time to first relapse during the ten-weeks high-dose phase (4?=0.41; p=0.813) or the
16-weeks complete medication period (*=0.04; p=0.982). There were frequent dose-related
adverse events in terms of fatigue, sleepiness, and dry mouth. One medication related serious
adverse event occurred in the high-dose baclofen group. Neither low nor high doses of baclofen
were effective in the treatment of AD. Adverse events were frequent, although generally mild and
transient. Therefore, large-scale prescription of baclofen for the treatment of AD seems premature

and should be reconsidered.

© 2016 Elsevier B.V. and ECNP. Al rights reserved.

1. Introduction

The World Health Organization (WHO) estimated that in
2012 3.3 million deaths were attributable to harmful alcohol
use worldwide (WHO, 2014). In addition, harmful alcohol
use is associated with more than 200 physical and mental
disorders, including liver cirrhosis, cancers, injuries, and
dementia, which in turn cause serious social and economic
burden. The most extreme form of harmful alcohol use is
alcohol dependence (AD); a chronic, frequently relapsing
disorder. In Europe, about 3.5% of all drinkers meet criteria
for AD (and generally high to very high drinking levels) and
this subgroup of drinkers is estimated to be responsible for
more than 60% of all premature (<65 years) deaths due to
alcohol-attributable diseases (Rehm et al., 2013). In other
words, the majority of alcohol-attributable burden is due to
the relatively small group of drinkers with AD, presumably
by means of heavy drinking. These numbers illustrate the
importance of AD for public health and highlight the need
for effective treatment. Over the past few decades, many
drugs have been tested for AD treatment, but to date only
disulfiram, accamprosate, and naltrexone have been
approved for the indication AD by the Food and Drug
Administration (FDA) and the European Medicines Agency
(EMA), and nalmefene is approved only by the EMA. How-
ever, although efficacy of these agents was proven in several
clinical trials, other trials failed to find significant effects
and the magnitude of the treatment effect was generally
quite small with standardized effect sizes ranging between
0.20 and 0.40 and numbers needed to treat (NNT) ranging
from 6 to 11 (van den Brink, 2012). Therefore, new
effective drugs would represent an important progress in
the treatment of patients with AD.

One promising drug is baclofen, a potent, stereo-selective
GABA-B receptor agonist that has been used for decades in the
treatment of spasticity (Davidoff, 1985). The use of drugs that
act on the GABA system seems promising for the treatment of
AD, because GABA-B receptors are located in the same areas
of the brain as the mesolimbic dopamine neurons, which are
thought to be important in the mediation of alcohol intake,
reinforcement, and relapse (Koob and Volkow, 2010). Further-
more, baclofen has a low liver metabolism, and no hepatic
side effects have been reported so far (Addolorato et al.,

2002, 2007). lts mechanism of action and its low abuse and
dependence potential (Carter et al., 2009) makes baclofen an
attractive potential drug for the treatment of AD. In rodent
studies, baclofen has been found to cause reduced alcohol
intake (e.g. Colombo et al., 2003). In humans, two early
randomised, placebo-controlled low-dose (30 mg/day) baclo-
fen trials in AD patients confirmed these beneficial effects
(Addolorato et al., 2002, 2007), although another double
blind, placebo-controlled randomised study failed to find any
evidence for the efficacy of low-dose baclofen (Garbutt et al.,
2010). Based on preclinical and some clinical observations, a
dose-dependent effect of baclofen was hypothesized with
higher doses resulting in better outcomes (Addolorato et al.,
2011; Colombo et al., 2003). This hypothesis was confirmed in
some case reports with baclofen doses up to 270 mg/day
resulting in complete suppression of alcohol craving (Ameisen,
2005; Bucknam, 2007). Following a popular book on one of
these cases (Ameisen, 2008), a French uncontrolled, open-
label study reported positive effects of high dose baclofen
(actual dose range: 20-330 mg/day; mean dose 147 mg/day) in
100 treatment compliant AD patients (de Beaurepaire, 2014).
Based on these findings, but without data from a randomised
controlled trial (RCT) on high-dose baclofen in alcohol depen-
dent patients, a temporary recommendation of use (RTU) of
baclofen was proclaimed in France in March 2014 to permit its
medical prescription to AD patients for three years. Note that,
even before the RTU, a significant increase of (high-dose)
baclofen prescription was already observed in France:
between 2007 and 2013 about 200,000 patients initiated
baclofen treatment for AD and more than 9000 general
practitioners were identified as first prescribers (Chaignot
et al., 2015).

Recently, the first randomised controlled trial with high-
dose baclofen was published: a randomised, double-blind,
placebo-controlled trial on the efficacy of high-dose baclo-
fen (up to 270 m/day; mean dose 180 mg/day) in 56 German
AD patients (N=28 high-dose baclofen and N=28 placebo;
Miller et al., 2015). In this small-scale study, the overall
effect was very positive (e.g., 12 weeks continuous absti-
nence: baclofen 68% vs. placebo 24%; NNT=2.3), but there
was no indication of a dose-response relation. In the present
trial, the efficacy and safety of low doses (30 mg/day) and
high doses of baclofen (up to 150 mg/day) were examined in



1952

E.M. Beraha et al.

a single RCT, which also allowed us to directly examine the
presence of a dose-response relation.

2. Experimental procedures
2.1. Study design

The present study is a multicentre, randomised, double-blind,
placebo-controlled trial. AD patients were randomised after detox-
ification to one of three conditions: low-dose baclofen, high-dose
baclofen, or placebo. Deviant from the initial study design, the
inclusion of patients in the low-dose baclofen group was stopped
halfway. The trial consisted of a six-week titration phase and a ten-
week high-dose phase, where the dose was stabilized.

The study protocol adhered to the principles of Good Clinical
Practice and was approved by the ethics committee of the
Academic Medical Centre (AMC) in Amsterdam. The study is
registered at the Nederlands Trial Register, number NTR3681. Three
monitoring visits took place. The trial ended when the sample size
goal of the two extreme groups was reached.

2.2. Patients

Patients were recruited from two inpatient treatment centres
(SolutionS Center and U-Center) and three outpatient treatment
centres (The Home Clinic, Terwille, and Ready for Change) in the
Netherlands. Inclusion criteria for male and female participants
were: a) age between 18 and 70 years; b) DSM-IV AD-diagnosis; c)
breath alcohol concentration <0.5% at the screening visit
(informed consent); d) an average alcohol consumption of > 14
units for women and >21 units for men per week over a
consecutive 30-day period in the 90-day period before the start of
the study and at least two heavy drinking days (women > five units;
men > six units) in the past 90 days; e) a minimum of 96 h and a
maximum of 21 days of abstinence prior to the start of the study
medication; f) sufficient Dutch language skills; and g) provision of a
contact person in the event of loss of contact. Exclusion criteria
were a) current severe axis | disorder (other than depression,
anxiety, and bipolar disorder) b) any primary diagnosis of substance
dependence other than alcohol dependence (nicotine dependence
was allowed); c) severe physical illnesses (e.g. Parkinson's disease,
gastric ulcer, duodenal ulcer, cerebrovascular disease, respiratory
insufficiency, hepatic or renal insufficiency, and epilepsy); d) anti-
hypertensive medication; e) risk of suicide; f) cognitive impairment
interfering with the understanding of the study; g) current or recent
(three months before start of the study) pharmacological treatment
for AD (i.e. acamprosate, naltrexone, disulfiram, or topiramate); h)
pregnancy or breastfeeding; i) more than seven days of inpatient
treatment for substance use disorder in the 30 days before the start
of the study; and j) use of baclofen in the past 30 days.

All patients signed written informed consent. Patients from the
inpatient treatment centres received a partial financial compensa-
tion for their treatment costs. No treatment costs and consequently
no financial compensation was provided to participants from the
outpatient centres.

2.3. Randomization and blinding

Patients were randomly assigned to a baclofen low-dose group (30 mg/
day), a baclofen high-dose group (up to 150 mg/day), or a placebo
group in a 1:1:1 ratio. Randomization (blocks of 6; pre-stratification by
gender and centre) was conducted by the Clinical Research Unit of the
AMC and patients were assigned to one of the three groups via an
electronic database after baseline assessment but before the first

Table 1  Titration scheme during the six-week titration
phase per condition.

Day Pills per day High Low Placebo
(all dose dose Daily dose
conditions) Daily Daily (mg)

dose dose
(mg) (mg)

1-7 3 30 30 0

810 3 30 30 0

11-12 4 40 30 0

13-14 5 50 30 0

15-17 6 60 30 0

18-19 7 70 30 0

20-21 8 80 30 0

22-24 9 90 30 0

25-26 10 100 30 0

27-28 11 110 30 0

29-31 12 120 30 0

32-33 13 130 30 0

34-35 14 140 30 0

36-112 15 150 30 0

intake of the medication. Only the study pharmacist had access to the
randomization list and had no further role in the trial.

The study medication was manufactured, packaged, and labelled by
Tiofarma and stored and provided by the pharmacy of the AMC.
Baclofen and placebo were provided in identical 10 mg tablets and
supplied in containers with 24, 42, 63, 147, or 168 tablets. Participants
were supplied with medication for two weeks and pills were taken
three times a day. Patients in the high-dose and low-dose baclofen
group started with 30 mg/day baclofen in three gifts of 10 mg each;
patients in the placebo group started with placebo. From the second
week on, the dose was increased with 10 mg baclofen (for the high-
dose group) or placebo (for the low-dose and placebo group) every
other day, resulting in a dose increase of 30 mg/week and a maximum
dose of 150 mg/day baclofen in week six in the high-dose group (see
Table 1). In case of prolonged side effects, the dosage was reduced to
the previous dose level and then increased again. Hence, in the high-
dose group, depending on tolerance, participants could end up with a
daily dosage of 30 mg, 90 mg, 120 mg, or 150 mg and continued taking
this dosage during the ten-week high-dose phase. In the low-dose
group, patients took a daily dosage of 30 mg for the whole study
period. After 16 weeks, participants were de-blinded by an indepen-
dent physician, who could suggest continuation, tapering, or cessation
of the baclofen treatment in the baclofen groups or starting baclofen
treatment in the placebo group. The investigators and responsible
physicians remained blind with regard to the study medication during
the whole study period. In the event of a relapse, patients were de-
blinded and the dose was reduced with 30 mg/week, if necessary.

2.4. Procedures

In case of a positive screening, the first visit was planned for
baseline measurements. During the titration phase, six weekly visits
with a physician were scheduled. During the high-dose phase five bi-
weekly visits or telephone visits with a psychologist were sched-
uled. Additionally, two test sessions were conducted four and 16
weeks after the start of the study medication. Patients from
SolutionS Center followed a 28-days inpatient detoxification and
treatment programme according to the Minnesota Model, whereas
patients from U-Center followed a six weeks inpatient
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detoxification and treatment programme based on cognitive beha-
vioural therapy. Thereafter, these patients had weekly outpatient
group sessions during the whole study period. Patients from the
Home Clinic were detoxified and treated with outpatient motiva-
tional therapy and the Community Reinforcement Approach.
Patients in Terwille and Ready for Change followed an outpatient
detoxification and treatment programme according to the Minne-
sota Model. Patients in these centres had weekly outpatient group-
or individual therapy sessions during the whole study period.

2.5. Assessments

During the screening visit, demographic data was collected, in- and
exclusion criteria were checked, and the following sections of the
Mini International Neuropsychiatric Interview (M.I.N.l.) were
assessed: suicide risk, anorexia nervosa, bulimia, and psychotic
disorders (Sheehan et al., 1998). In the case of participation, a
physical examination and the following laboratory tests were
performed: gamma glutamytransferase, aspartate amino transfer-
ase, alanine amino transferase, and carbohydrate deficient trans-
ferrin in percentage (%CDT).

At the baseline visit, the following patient characteristics were
measured: severity of alcohol related problems (Alcohol Use Disorder
Identification Test; AUDIT; Saunders et al., 1993), drinking history
(European Addiction Severity Index; EuropASI; Blanken et al., 1994),
cognitive functioning (Montreal Cognitive Assessment; MoCA;
Nasreddine et al., 2005), and alcohol use in the past 30 days (Timeline
Follow Back; TLFB; Sobell and Sobell, 1992). Craving (Obsessive
Compulsive Drinking Scale; OCDS; Anton et al., 1995), trait anxiety
(Spielberger State-Trait Inventory; STAl-trait; Spielberger, 2010), and
depression (Beck's Depression Inventory; BDI; Beck et al., 1961) were
assessed at baseline, after four and 16 weeks of treatment.® At all
visits during the titration and the high-dose phase, breath alcohol
concentration was determined, pills were counted, adverse events
were assessed with the Generic Assessment of Side Effects (GASE; Rief
et al., 2009), craving was measured with the Penn Alcohol Craving
Scale (PACS; Flannery, 1999), and alcohol use was assessed with the
TLFB. Pill count served to assess treatment adherence. %CDT was again
determined after 16 weeks as an objective measure of excessive
alcohol use.

2.6. Outcomes

The primary outcome measure was time to first relapse in the high-
dose phase (10 weeks) and the complete medication period (16
weeks). Following the guidelines of the German Addiction Society,
relapse was defined as the first heavy drinking day (HDD), i.e.
alcohol intake of more than five (females) or six (males) standard
drinks per occasion, following a lapse (any alcohol intake). Similar
to previous trials, it was assumed that patients who terminated the
study had relapsed (Addolorato et al., 2007; Miiller et al., 2015).
Key secondary outcome measures were total alcohol consumption
(TAC) and the number of HDDs during treatment. TAC was assessed
for patients who terminated the study. Since patients had to leave
the study after the first relapse, the number of HDDs does not add
much to the data and these findings are not reported. In addition to
the outcomes measures mentioned in the protocol, we explored the
following outcome variables: proportion of patients relapsed,
proportion of patients continuously abstinent throughout the study
period, cumulative abstinence duration, and drop-out rate

3Furthermore, DNA was collected and additional questionnaires
measuring state anxiety, sleep quality, quality of life, drinking
motives, personality traits, and drug and alcohol use were assessed
at baseline, after four, and 16 weeks. Results are discussed
elsewhere.

(Addolorato et al., 2007; Mduller et al., 2015). Abstinence was
defined as breath alcohol concentration of 0.00, negative self-
report at every visit, and %CDT within a normal range at the end of
the study. Drop-outs were defined as patients who terminated
treatment before the end of the study due to other reasons than
relapse. Other secondary outcomes included safety and tolerability
of the study medication, changes in craving, anxiety, depression,
and %CDT at the end of the high-dose phase.

2.7. Statistical analyses

Sample size was calculated based on a Log rank test of the
difference in survival between two groups (high-dose versus pla-
cebo), with a power of 0.80 and two-tailed a of 0.05. Based on
previous studies (Addolorato et al., 2002, 2007), a survival rate of
0.70 in the high-dose baclofen group and 0.45 in the placebo group
was expected. A sample size of 64 patients per group was
calculated (nQuery Advisor). The study was started with three
groups (high-dose baclofen, low-dose baclofen, and placebo), but
since the inclusion of patients went behind schedule, it was decided
to stop the inclusion of patients in the low-dose baclofen group
halfway through the study and to continue inclusion and randomi-
zation for the two extreme groups. Since power calculations were
based on the difference in survival between the high-dose baclofen
group and the placebo group, statistical power and the probability
to find a truly existing effect was not affected.

Survival functions were estimated with the Kaplan-Meier
approach, taking the first relapse as the event of interest. Subse-
quently, a Log-Rank test was used to test for group differences.
Group differences in the proportion of patients that relapsed, the
proportion of patients that were continuously abstinent, cumulative
abstinence duration, and drop-out rate were tested with Chi-square
tests or the non-parametric Kruskal-Wallis test. As a post-hoc
analysis a dose-response effect was tested within the high-dose
baclofen group, using a Cox-regression with dose as a predictor.
Furthermore, a nonparametric Mann-Withney test was used to
compare the distribution of individual dosages in patients who
relapsed or remained abstinent in the high-dose baclofen group. All
analyses were performed separately for the high-dose phase (70
days) and for the complete medication period (112 days).

Changes over time in craving, level of anxiety, or depression were
assessed with an ANOVA mixed model with time as the repeated
measure, treatment group as a fixed factor, and the interaction between
treatment group and time as indicator for the baclofen versus placebo
effect. Analyses were done by intention to treat, counting pills every
visit and assuming that patients took the drugs they were given (Lehert,
1992). All analyses were performed with SPSS Statistics version 22.

3. Results

The design and the patient flow of the trial is shown in
Figure 1. Of 481 patients initially screened for the study
between December 1, 2012 and August 31 2015, 157
patients were randomised. Six patients were not able to
start with the medication due to medical reasons, resulting
in 58 patients randomised to the high-dose baclofen treat-
ment, 31 to the low-dose baclofen treatment, and 62 to the
placebo group. Table 2 shows demographic and clinical
characteristics of the included patients at baseline. There
were no significant differences between groups at baseline.

Treatment adherence, which was defined as the number of
dispensed pills minus the number of pills returned divided by the
number of pills prescribed in the high-dose phase did not differ
between groups (¥*=3.79, df=2, p=0.15). In the high-dose
baclofen group a mean of 86% of the medication was taken as
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481 patients assessd for
eligibillity

| 324 patients excluded
* 212 not meeting inclusion criteria
* 112 not willing to participate

157 patients randomized |

’—.| 6 patients did not start with medication

151 patients enrolled
- 119 inpatients
- 32 outpatients

58 high-dose baclofen

31 low-dose baclofen

62 placebo

v

29 relapse or drop-out
- 2l relapse

- 4 adverse events
- 1 lost to follow up
- 2 patient‘s choice
- 1 medical reasons

29 completed 16 completed

Figure 1

prescribed, in the low-dose group 89% and in the placebo group
90%. Nine patients (15.5%) in the high-dose baclofen group
reached the maximum dose (150 mg/day or 15 baclofen pills/
day), compared to seven patients (22.6%) in the low-dose
baclofen group (30 mg/day or 3 baclofen and 12 placebo pills/
day), and 25 patients (40.3%) in the placebo group (15 placebo
pills/day; 4#=9.73, df=2, p=0.008), with no significant differ-
ence between the high-dose and low-dose baclofen groups
(#*=0.68, df=1, p=0.408), and a significant difference between
the baclofen and placebo groups (4?=9.23, df=1, p=0.002). In
the high-dose baclofen group, patients took a mean of 93.6 mg
baclofen /day (SD=40.3).

The Kaplan-Meier survival analysis showed no differences
between the three groups in the time to first relapse, neither
for the high-dose phase (=0.41, df=2, p=0.813), nor for the
complete medication period (*=0.04, df=2, p=0.982; see
Figure 2).

There were no group differences in TAC: high-dose
baclofen group (M=1.5, SD=4.3), low-dose group (M=1.3,
SD=3.1), placebo group (M=0.9, SD=3.3; F(2,79)=0.76,
p=0.473). Concerning the proportion of patients that
relapsed in the high-dose phase: high-dose baclofen group
11/40 (27.5%); low-dose baclofen group 4/20 (20.0%); and
placebo group 11/44 (25.0%; *=0.40, df=2, p=0.819), no
differences could be found. The results were comparable in
the complete medication period: high-dose 29/58 (50.0%);
low-dose 15/31 (48.4%); placebo 29/62 (46.8%; »*=0.13,
df=2, p=0.939). There were also no group differences in
the proportion of patients remaining abstinent during the
high-dose phase: high-dose 25/40 (62.5%); low-dose 13/20
(65%); placebo 29/44 (65.9%; 4*=0.11, df=2, p=0.947).
Similar results were observed for the complete medication
period: high-dose 25/58 (43.1%); low-dose 13/31 (41.9%);
placebo 29/62 (46.8%; »*=0.26, df=2, p=0.879). There

- 7 relapse - 20 relapse

- 2 adverse events - 3 adverse events

- 2 lost to follow up 1 patient‘s choice

- 2 patient‘s choice - 2 medical reasons

- 2 protocol violation 3 protocol violation

15 relapse or drop-out 29 relapse or drop-out

33 completed

Trial profile.

were no group differences in cumulative abstinence dura-
tion (days) in the high-dose phase: high-dose (M=61.8,
SD=16.5); low-dose (M=65.0 SD=11.1); placebo (M=62.1,
SD=16.9; »*=0.31, df=2, p=0.858). Again, similar results
were obtained for the complete medication period: high-
dose (M=79.5, SD=40.2); low-dose (M=75.8, SD=43.8);
placebo (M=78.2, SD=41.9; »*=0.21, df=2, p=0.902).
Drop-out rates did not differ between groups during the
high-dose medication phase: high-dose 1/40 (2.5%); low-
dose 2/20 (10.0%); placebo 1/44 (2.3%; ,=2.54, df=2,
p=0.281). Similar results were obtained for the complete
medication period: high-dose 8/58 (13.8%); low-dose 8/31
(25.8%); placebo 9/62 (14.5%; y*=2.43, df=2, p=0.297).

In a post-hoc analysis, the effect of the actual achieved
maximum baclofen dose on survival time in the high-dose
group was studied. In the high-dose phase no dose-response
effect was found. However, for the complete medication
period, Cox's regression analysis showed a significant hazard
ratio of 0.99 (95% Cl 0.98 - 1.0, p=0.022), suggesting that
higher baclofen doses were associated with a longer time to
first relapse. This was confirmed by the fact that the
individual doses in the high-dose baclofen group were
significantly lower in patients that relapsed (M=84.8 mg/
day, SD=6.9) compared to patients that remained abstinent
(M=102.4 mg/day, SD=7.8; U=282; p=0.029).

Table 3 shows all adverse events rated as moderate or
severe for all treatment groups. There were frequent dose-
related adverse events in terms of fatigue, sleepiness, and
dry mouth with the highest frequency in the high-dose
baclofen group (38%, 36%, 21%, respectively). Patients in
the baclofen condition also reported more drowsiness and
dizziness than those in the placebo group, but this effect
was not dose-related. Compared with the combined low-
dose baclofen and placebo group, patients in the high-dose
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Table 2 Demographic and clinical characteristics of study participants at baseline.
Total (N=151) High-dose baclofen Low-dose baclofen Placebo (N=62)
(N=58) (N=31)

Demographics

Age (years) 44.8 (9.6) 45.8 (9.2) 44.7 (11.3) 44.0 (9.2)

Men 104 (68.9%) 41 (70.7%) 20 (64.5%) 43 (69.4%)
Married 82 (54.3%) 36 (62.1%) 17 (54.9%) 29 (46.8%)
Employed 88 (58.3%) 37 (63.8%) 18 (58.1%) 33 (53.2%)

Alcohol use

Alcohol (gr/day)

Days abstinent

Duration of alcohol abuse (years)
Number of previous detoxifications

Questionnaires
AUDIT

0OCDS

BDI

STAI trait
Motivation

Biological measures
Gamma GT

ALAT

ASAT

%CDT (baseline)
%CDT (end)

141.8 (84.8)
11.8 (4.4)
19.5 (11.5)
1.6 (2.8)

28.5 (5.1)
29.4 (10.0)
19.6 (9.5)
49.8 (11.1)
4.9 (0.4)

152.5 (198.6)
50.2 (41.6)
55.4 (50.4)
3.4 (2.5)

1.3 (0.5)

147.0 (84.9)
11.9 (4.7)
18.8 (10.7)
1.1 (1.6)

28.8 (5.2)
28.2 (9.2)
19.6 (10.0)
49.7 (12.4)
4.9 (0.2)

142.1 (269.5)
45.3 (44.7)
48.0 (42.0)
3.5 (2.6)

1.4 (0.6)

132.5 (85.2)
11.9 (4.3)
21.5 (13.1)
1.8 (2.9)

29.3 (6.1)
29.5 (11.1)
22.0 (11.3)
52.1 (9.5)
4.8 (0.6)

146.6 (215.1)
49.1 (34.2)
54.7 (55.1)
3.2 3.1)

1.2 (0.4)

141.7 (85.5)
11.8 (4.3)
19.0 (11.5)
2.0 (3.6)

27.8 (4.5)
30.4 (10.1)
18.2 (7.8)
48.6 (10.6)
4.8 (0.5)

164.1 (356.1)
54.7 (42.5)
62.0 (54.2)
3.3 (2.3)

1.3 (0.3)

Data are mean (SD) or n (%). SD=standard drinks, AUDIT=Alcohol Use Disorder Identification Test, OCDS=0Obsessive Compulsive
Drinking Scale, BDI=Beck’s Depression Inventory, STAI trait=Spielberger State-Trait Inventory, Gamma GT=gamma glutamytransfer-
ase, ALAT=alanine amino transferase, ASAT =aspartate amino transferase, CDT =carbohydrate deficient transferrin
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Figure 2 Kaplan-Meier survival curves for the high-dose phase and the whole medication period. Number of risk refers to the

number of patients who did not relapse.
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Table 3

Adverse events which occurred more than 10% and were rated as moderate or severe.

Total (N=151)

High-dose baclofen (N=58)

Low-dose baclofen (N=31) Placebo (N=62)

Adverse Event

Fatigue 40 (26.5%) 22 (38.0%)
Sleepiness 40 (26.5%) 21 (36.2%)
Drowsiness 35 (23.2%) 17 (29.3%)
Dizziness 19 (12.6%) 11 (19.0%)
Dry mouth 15 (9.9%) 12 (20.7%)

7 (22.6%) 11 (17.7%)
8 (25.8%) 11 (17.7%)
8 (25.8%) 10 (16.1%)
6 (19.4%) 2 (3.2%)
2 (6.5%) 1(1.6%)

Table 4 Changes in craving, trait anxiety, and depression from baseline till end of the study (16 weeks).

Total (N=151)

High-dose baclofen (N=58)

Low-dose baclofen (N=31) Placebo (N=62)

Craving (OCDS)

Baseline 29.4 (10.0) 28.2 (9.2)
4 weeks 13.5 (5.5) 13.6 (5.8)
16 weeks 12.3 (5.0) 12.4 (4.9)
Trait anxiety (STAI)

Baseline 49.8 (11.1) 49.7 (12.4)
4 weeks 39.0 (10.9) 39.3 (9.8)
16 weeks 38.5 (12.1) 37.3 (12.1)
Depression (BDI)

Baseline 19.6 (9.5) 19.6 (10.0)
4 weeks 7.6 (6.9) 8.4 (8.2)
16 weeks 6.5 (7.7) 5.8 (7.3)

29.5 (11.1) 30.4 (10.1)
13.6 (5.8) 13.4 (5.1)
12.4 (6.4) 12.2 (4.3)
52.1 (9.5) 48.6 (10.6)
39.3 (14.4) 38.5 (10.2)
42.2 (14.1) 38.0 (11.1)
22.0 (11.3) 18.2 (7.8)
7.2 (5.9) 7.0 (5.9)
8.8 (10.5) 6.1 (6.6)

Data are mean (SD). OCDS=0bsessive Compulsive Drinking Scale, STAI trait=Spielberger State-Trait Inventory, BDI=Beck’s Depression

Inventory.

baclofen group showed significantly higher rates for fatigue
(/*=6.33, df=1, p=0.012), sleepiness (y*=4.57, df=1,
p=0.033), and dry mouth (=8.59, df=1, p=0.003). In
the high-dose baclofen group four patients stopped the
study due to side effects (6.8%) compared to two patients in
the low-dose baclofen group (6.5%) and three patients in
the placebo group (4.8%; n.s.). One medication related
serious adverse event occurred, when a patient in the high-
dose group had to be hospitalized due to constipation.
Finally, a significant decrease in craving (F(2,150)
=191.01; p<0.0001), trait anxiety (F(2,152)=47.13;
p<0.0001), and depression (F(2,152)=103.01; p<0.0001)
over time was observed, but no main effect of treatment
(all p's>0.438) and no interaction effect of treatment by
time (all p's>0.303) was found, indicating that these
improvements cannot be attributed to the baclofen treat-
ment (see Table 4). Furthermore, %CDT did not differ
significantly between the groups at the end of the trial.

4. Discussion

The present study examined the efficacy of low- and high-
dose baclofen treatment compared to placebo in patients
with AD. No differences between the low-dose baclofen
group, the high-dose baclofen group, or the placebo group

were found with regard to time to first relapse, proportion
of patients that relapsed, proportion of patients continu-
ously abstinent, cumulative abstinence duration, or drop-
out rate. Furthermore, no effect of baclofen on craving,
trait anxiety, or depression over time was observed. How-
ever, in line with previous studies (Addolorato et al., 2011;
Ameisen, 2005; Bucknam, 2007), a (small) dose-response
effect was found in the high-dose baclofen group for the
complete medication period with higher doses being asso-
ciated with a longer time to first relapse and higher doses in
continuously abstinent compared to relapsed patients.

Our largely negative findings concerning the efficacy of
high-dose baclofen in the treatment of AD are in clear
contrast with the recent positive findings of Miller et al.
(2015). Although there is the possibility that baclofen does
not work and that the existing literature suffers from small
study or publication bias, possible other reasons for this
discrepancy are differences in (1) baclofen doses, (2) treat-
ment setting and the amount and frequency of psychosocial
support, and (3) the treated patient population.

In the study of Miller et al. (2015), the maximum dose was
270 mg/day and the mean dose was 180 mg/day, whereas in
the present study the maximum dosage was 150 mg/day with a
mean dosage of 94 mg/day. It is possible that many patients in
our study were sub-optimally titrated and stopped at a
relatively low dose. This interpretation is supported by our
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(post-hoc) observation of a dose-response effect within the
high-dose baclofen group. However, this effect was only
evident in the complete medication period and there were
no significant differences between the high-dose and the low-
dose group. Furthermore, an additional post-hoc analysis was
performed comparing patients with at least 120 mg baclofen
per day (N=23) with those on placebo (N=62). Also these
groups were not significantly different in their time to first
relapse in the high-dose phase (HRadj=0.66; 95% Cl 0.20-2.11;
p=0.480; for more details see online Appendix). Moreover,
positive outcomes have been reported in the earlier low-dose
(30-60 mg/day) baclofen studies (Carter et al., 2009; Colombo
et al., 2003), and no dose-effect relationship was observed in
the study by Miiller et al. (2015). Therefore, the explanation of
our negative findings by suboptimal dosing should be regarded
as tentative and needs confirmation in future dose finding
studies. It should be noted, however, that in many patients, in
the present study as well as in earlier studies (de Beaurepaire,
2014; Marsot and Imbert, 2014; Muller et al., 2015), it was not
possible to reach higher baclofen dosages due to side effects,
limiting the clinical feasibility of effective high-dose baclofen
treatments.

Treatment setting and difference in psychosocial support
could be another explanation for our negative findings. The
majority of the patients in our study (119 out of 151) started
their treatment as inpatients for at least 28 days, whereas
patients in previous studies were only treated in an out-
patient setting (Addolorato et al., 2002, 2007; Garbutt
et al., 2010; Muller et al., 2015). As a consequence, many
patients in our study followed an extensive psychosocial
treatment during the baclofen trial, whereas in the studies
with positive baclofen effects (Addolorato et al., 2002,
2007; Muller et al., 2015), patients generally received a
minimum of supportive therapy sessions. First, this might be
a reason for lower overall doses in the present study, since
patients and physicians might have been more sensitive to
side effects in order to assure compliance with psychosocial
therapy. Additionally, the absence of intensive psychosocial
support in the study by Miiller et al. (2015) may also explain
the much higher relapse rates in their placebo group (70%)
compared to ours (25%). Note that the relapse rates in the
high-dose baclofen group were very comparable across the
two studies: about 25% in the high-dose phase and about
55% in complete medication period. Therefore, it can be
concluded that the outcome in the high-dose baclofen
groups was comparable in both studies, and that the high
response rate in our placebo group prevented the emer-
gence of a significant medication effect. Altogether, these
findings raise the possibility that baclofen does not add
substantially to the effect of intensive inpatient treatment
followed by a relatively high frequency of outpatient
psychosocial aftercare; a conclusion that is consistent with
previous findings regarding the efficacy of naltrexone in the
treatment of AD (Anton et al., 2006).

Another possible explanation for the discrepancy
between our study and the study of Miiller et al. (2015) is
that patients in our study consumed less alcohol before the
start of the study (140 mg/day vs. 200 mg/day). In the
discussion of their negative findings of low-dose baclofen,
both Garbutt et al. (2010) (30 mg baclofen) and Ponizovsky
and Rosca (2015) (50 mg baclofen) explicitly mention the
possibility that their negative finding was due to their much

lower baseline alcohol consumption levels (about 70-80 mg/
day) than those in the original low dose baclofen studies
(about 180-200 mg/day) (Carter et al., 2009; Colombo
et al., 2003). The same phenomenon has been observed
with other AD medications (e.g., nalmefene; van den Brink
and Aubin, 2013) Maybe pharmacological interventions
should be reserved for patients with more severe AD and/
or higher drinking levels than those in the current study
(European Medicines Agency, 2011). This may also have
consequences for the most suitable treatment setting. In
France, baclofen is broadly prescribed, including frequent
prescriptions by general practitioners usually treating
patients with relatively mild alcohol use disorders and
relatively low alcohol consumption levels (Blanken et al.,
1994), which might not be optimal.

Concerning safety and tolerability, we can conclude that
most patients did not tolerate baclofen dosages over
100 mg/day and did not reach the maximal dosage. Further-
more, four patients in the high-dose group quitted treat-
ment due to side effects. The indication of a dose-
dependent effect in the current study and the positive
findings in the recent German study with higher doses
(Muller et al., 2015), may indicate that our physicians
and/or patients have been overly sensitive to side effects,
and that at least for a subgroup of patients it may pay off to
continue titration despite the occurrence of mild side
effects. Note that side effects and drop-out due to side
effects were equally frequent in the low- and the high-dose
group (and more frequent than in the placebo group).
Obviously, finding the optimal balance between ignoring
and listening to side effects when increasing the dose may
pose a major challenge for future clinical trials, and clinical
applications. We experienced one serious adverse event
related to the study medication, with one patient having to
be treated for constipation. In line with previous studies
(Addolorato et al., 2002; Miller et al., 2015), we did not
observe any signs of withdrawal when baclofen was
reduced.

The current study has both strengths and limitations. The
most important strengths are the study design, the sample
size, and the structured assessments. However, the follow-
ing limitations need to be considered. First, the study was
conducted in different treatment centres, which could have
caused measurement errors resulting in reduced statistical
power. However, since the majority of patients were
recruited from one treatment centre (N=104), we do not
believe that this aspect can explain the negative results.
Although the subpopulation of patients that started their
treatment as an outpatient was relatively small, we found
no indication that results differed for inpatients and out-
patients. Second, in order to avoid patients to use baclofen
and alcohol at the same time, patients who relapsed were
removed from the study. However, since baclofen is known
as an anti-craving agent, it would be of interest to assess
drinking behaviour after the occurrence of a relapse in
order to examine the efficacy of baclofen in reducing
alcohol consumption, as is done in the on-going trials in
France. Third, the duration of the present study was 16
weeks, with a high-dose phase of only 10 weeks. In order to
draw conclusions about the long-term effects of baclofen in
the treatment of this chronic, relapsing disorder, future
studies are needed with a much longer treatment duration.
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Fourth, in the present study medication adherence was
assessed by pill count, since it is simple to perform,
inexpensive, and non-invasive. However, this might not be
an optimal measure since it does not confirm ingestion of
the study medication. Therefore, in future studies other
methods, such as tagging medications with PK measure-
ments or electronical devices like ‘aicure’ should be con-
sidered. Fifth, no checks for ‘unblinding’ were conducted in
order to know whether patients or clinicians were aware of
treatment assignment. However, patients were seen by
different clinicians during the inpatient and the outpatient
period, which minimized the chance of an expectancy
effect by clinicians. Moreover, if anything, unblinding gen-
erally results in an overestimation of the true treatment
effect (Feys et al., 2014), which was absent anyway.
Therefore, this issues seems hardly relevant in the inter-
pretation of our findings.

In summary, the current study did not find evidence of a
positive effect of either low or high doses of baclofen in AD
patients. However, we cannot exclude the possibility that
baclofen is an effective medication for the treatment of
severe, heavy drinking AD patients not responding to or not
accepting routine psychosocial interventions. So far, results
from low- and high-dose baclofen studies in patients with
AD are inconsistent with some positive studies (Addolorato
et al., 2002, 2007; Miller et al., 2015) and some negative
RCTs (Garbutt et al., 2010; current study). The findings of
two completed, yet unpublished French trials, BACLOVILLE
(clinicaltrials.gov: NCT01604330) and ALPADIR (clinical-
trials.gov: NCT01738282), testing doses up to 300 mg/day
in a large number of participants have to be awaited. For
the future, it is important to gain more insight in the
mechanism of action of baclofen and to identify baclofen-
responsive patients. For now, it seems that heavy-drinking
AD patients, treated in a specialised outpatient setting with
limited access or a lack of motivation for intensive psy-
chotherapy might benefit most of a treatment with (high-
dose) baclofen. Prescribing baclofen widely as it currently
happens in France might be premature and should be
reconsidered.
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